A study on potassium dynamics under long term use of variable doses of imbalanced chemical fertilizers and organics in rainfed maize-wheat system was carried out in Typic Ustipsamments of low hill zone of Himachal Pradesh between rabi (2007-08) and kharif (2008) seasons in the ongoing long-term fertilizer experiment at the research farm of CSKHPKV, HAREC, Dhaulakuan. Surface soil (0-15cm) after sixteen cropping cycles was analyzed for different forms of potassium. All the fractions of potassium viz. water soluble-K, exchangeable-K and non exchangeable-K decreased from its initial status in most of the treatments. Treatments receiving K fertilizer (100% NPK) showed increase in water soluble-K and exchangeable-K fraction over the initial status. Application of FYM (Farmyard manure) in both the seasons also increased the content of water soluble-K and exchangeable-K over the initial value. In general application of FYM with chemical fertilizers showed higher content of all the fractions compared to treatments where imbalanced inorganic fertilizers were applied (100 % N and 100 % NP). Maximum decrease in all the fractions of K was recorded in treatment 100 per cent N followed by 100 per cent NP. Use of FYM to both crops has resulted in higher yield in case of wheat crop. Water soluble-K was the important fraction of potassium contributing towards crop yields and total K uptake.
INTRODUCTION
Potassium (K) is the third important essential element required for plant growth. Plant requires potassium in large quantity. In India, unlike N and P, recommendation of K is made as a maintenance dose. In general, 40-60 kg K 2 O ha -1 is recommended which is far less than the amount of K removed by cereals like maize and wheat, particularly when crop residues are not recycled back. As a result of application of K in less quantity, most of the cropping systems are running with negative K balance.
Potassium exists in soil in different forms, viz., water soluble-K, which is taken up directly by plants; exchangeable-K, held by negative charges on clay particles and is available to plants and fixed-K, which is trapped between layers of expanding lattice clays. The knowledge of various forms of K viz., water soluble, exchangeable and non-exchangeable and an understanding of conditions controlling the availability to growing crops is important for the appraisal of the available K in the soil. The available K constitutes only 1-2 per cent of total K and exists in soil in two forms i.e. water soluble and exchangeable K adsorbed on soil colloidal surface (Brady and Well, 2002) . These forms remain in a dynamic equilibrium with one another. The readily available or water soluble K has been reported to be a dominant fraction in the initial stage while exchangeable and nonexchangeable K contribute more in the later stages of plant growth (Sharma et al 2009) . Under intensive cultivation, readily available and exchangeable K is removed by crops. This is followed by further release of exchangeable K from non-exchangeable forms. Dynamic equilibrium affected when applied K is either taken up by plants or leached into the lower soil horizons or converted into unavailable form. Under this situation, non-exchangeable-K plays an important role by releasing K to exchangeable and solution forms. The dynamics of K in soil depends on the rate of application and mining of K from the system (Singh et al 2009) .
In view of this, the present study was carried out to access the effect of continuous use of chemical fertilizers and organics for 16 years on potassium transformations in maize-wheat cropping system.
MATERIALS AND METHODS
The study was carried out in an on-going long term fertilizer experiment started during 1992 (summer season) at the research farm of Chaudhary Sarwan Kumar Himachal Pradesh Agricultural University -Hill Agricultural Research and Extension Centre, Dhaulakuan (Sirmour). Soil of the study area at the start of the experiment was sandy loam in texture and classified as Typic Ustipsamments. The present investigation consisted of two crops, viz. wheat (winter season, 2007-08) and maize (summer season, 2008) . In-situ moisture conservation techniques were followed to conserve the residual moisture for the sowing of wheat in rabi (winter) season. At the start of the experiment, the experimental soil had pH (1:2 soil water suspension) 6.3 and OC (organic carbon) was 5.5 g kg -1 . The initial contents of available N (nitrogen), P (phosphorus) and K (potassium) nutrients were 285.2, 27.2 and 164 kg ha -1 , respectively.
The field experiment was laid out in a randomized block design with 10 treatments replicated three times viz. 25 per cent N + FYM (T 1 ); 50 per cent N + FYM (T 2 ); 100 per cent N+ FYM (T 3 ); 25 per cent NP+ FYM (T 4 ); 50 per cent NP+ FYM (T 5 ); 100 per cent NP+FYM (T 6 ); 100 per cent N (T 7 ); 100 per cent NP (T 8 ); 100 per cent NPK (T 9 ) and FYM only (T 10 ). FYM in T 1 to T 6 was applied @ 10 t ha -1 to maize only on oven dry weight basis and in T 10 applied to both crops. The sources of N, P and K were urea, single superphosphate and muriate of potash, respectively. The average nutrient contents of FYM applied were 0.70, 0.40 and 0.65 per cent of N, P and K, respectively. 100 per cent NPK corresponds to the state level recommendations i.e. 90-45-30 kg N-P 2 O 5 -K 2 O for maize (var. Naveen composite) and 50-25-25 kg N-P 2 O 5 -K 2 O for wheat (var. RAJ 3765). Half dose of N and full dose of P and K were applied at the time of sowing of both the crops. The remaining half of N in case of wheat was top dressed in one split after first rain. In case of maize remaining half of N was top dressed in two equal splits at knee height stage and silking stage.
Surface (0.15 m) soil samples were collected after the harvest of wheat (rabi, 2007-08) . The various forms of potassium viz. water soluble, exchangeable and non exchangeable potassium were determined in these soil samples. Water soluble K was extracted by shaking the soil water suspension in the ratio of 1:5 for one hour then filtered and K was determined (Grewal and Kanwar, 1966) . Exchangeable-K was estimated by neutral ammonium acetate (1 N) extraction in 1:5 ratio. The amount of exchangeable K was calculated by subtracting water soluble K from K extracted with neutral ammonium acetate (Merwin and Peeech, 1950) . Non exchangeable-K was estimated by boiling soil with 1N HNO 3 extractable K in 1:10 (soil: acid suspension) for 10 min. The non exchangeable K was calculated by subtracting K extracted with neutral ammonium acetate from K extracted in hot 1N HNO 3 (Sutton and Seay, 1958) . Soil samples collected at the beginning of the experiment in 1992 were also included in the study.
RESULTS AND DISCUSSION

Forms of Potassium
A perusal of the data in table 1 revealed that water soluble potassium in surface layer varied from 11.2 to 19.2 mg kg -1 , the maximum being in T 9 (100 % NPK) and the minimum in T 7 (100 % N). The lowest content of water soluble K was found in 100 per cent N due to continuous cropping without addition of K for the last 16 years. All the treatments except 100 per cent NPK (T 9 ) and FYM only (T 10 ) showed decline in water soluble K content over its initial value of 17.3 mg kg -1 , however, decline was more in treatments where only chemical fertilizers were added without any K addition (T 7 and T 8 ). Higher content of water soluble K in case of organic manure treated plots over chemical fertilizers treated plots without any K addition (T 7 and T 8 ) may be due to addition of organic material as reported earlier (Sood et al 2008) . In case of graded application of N along with FYM, content of water soluble K declined with increase in amount of N fertilizer from 25 to 100 per cent. This decline may be due to more addition of N resulting in acidic conditions leading to less availability of K in low pH conditions. Highest content of water soluble K was recorded in treatment where balanced dose of NPK fertilizer was applied (100% NPK) followed by treatment where FYM was applied to both the crops. Both these treatments were statistically at par and showed increase over initial content, however, the increase was not significant. Increase over initial content in these treatments may be due to addition of K by potassium fertilizer and organic manures which contains significant amount of K. Similar, findings were reported by Sawarkar et al (2013) and Singh et al (2014) .
The content of exchangeable K registered a decline over its initial status of 58.5 mg kg -1 in all the treatments except T 9 and T 10 ( Table 1) . It ranged from 48.4 to 63.9 mg kg -1 in T 7 (100 % N) and T 10 (FYM), respectively. The 100 per cent N recorded maximum decline in exchangeable K content followed by 100 per cent NP as no K was added in both these treatments as compared to other treatments where K was added either through inorganic fertilizer or FYM. Decline in 100 per cent N and 100 per cent NP is evident due to its more removal in crop yields and no additions of K fertilizer in these treatments. Similar findings were reported by Singh et al (2014) . Application of FYM to both the crops (T 10 ) recorded increase in exchangeable K content followed by 100 per cent NPK treatment (T 9 ). T 10 was found to be significantly superior over rest of the treatments. The higher amount of exchangeable K in treatment where FYM was applied to both the crops (T 10 ) may be due to the fact that FYM addition could increase the CEC of soil which was responsible for holding more amount of exchangeable-K and helped in the release of exchangeable-K from nonexchangeable pool (Yaduvanshi and Swarup, 2006) .
The non exchangeable-K content ranged from 340 to 380 mg kg -1 in 100 per cent N and 100 per cent NPK, respectively (Table 1) . The non exchangeable fraction of K decreased in comparison to its initial status of 373 mg kg -1 in all the treatments. The maximum decrease was there in 100 per cent N followed by 100 per cent NP compared to rest of the treatments where either potassic fertilizer or FYM was added. Singh et al (2014) also observed decline in non exchangeable-K content in 100 per cent N and 100 per cent NP treatments in a long-term fertilizer experiment. When crops are grown successively without potassium application, the demand for the nutrient increases and the soil available pool remains constantly under potassium stress. Hence, the flow of potassium in the dynamic equilibrium system is from non exchangeable form thus leading to a considerable decline of the former (Sachdev and Khera, 1980) . A higher degree of root proliferation in the surface layer resulted in higher potassium removal by the crops from non exchangeable sources (Setia and Sharma, 2004) . Similar, findings were reported by Sawarkar et al (2013) and Singh et al (2014) .
Crop Yields and Potassium Uptake
Balanced application of NPK through chemical fertilizers (T 9 ) resulted in wheat grain yield of 2.60 t ha -1 and where only FYM was applied to both crops, highest wheat grain yield of 2.94 t ha -1 was recorded (Table 2 ). 100 per cent N resulted in considerably low grain yield of wheat (1.66 t ha -1 ). Similar trend was there in case of wheat straw yield. Maize grain yield was also less in 100 per cent N treatment, whereas, a highest yield of 3.64 t ha -1 was recorded with 100 per cent NPK treatment. In case of stover yield, 100 per cent N recorded lowest stover yield (5.46 t ha Hundred per cent N application continuously for 16 years has resulted in low yields both in case of wheat and maize as compared to rest of the treatments certainly due to continuous mining of the nutrients and imbalanced fertilization for last 16 years. Such results in 100 per cent N treatment were due to sharp decline in pH to 5.6 from initial value of 6.3 which led to increase in concentrations of Al and Fe ions to toxic levels. FYM application to both the crops in a sequence in rainfed conditions might have improved the water holding capacity of the soil thereby resulting into highest yields in rabi season (wheat). Mishra et al (2008) also reported higher wheat yield in plots where only FYM was applied as compared to plots where recommended dose of fertilizer was applied.
Among graded doses of N and NP fertilizers (25 to 100 %) along with FYM, NP fertilizers showed higher yields than N fertilizer both in case of wheat and maize grain and straw/stover yields. Application of P besides increasing P availability in soil, decreases soil acidity and Al toxicity and increases exchangeable cations, thus influencing crop yield positively (Sharma et al 2005) . A significant effect of K application was observed when 100 per cent NPK and 100 per cent NP treatments were compared. There was increase in wheat grain and straw yields with balanced application of N, P and K over 100 per cent NP treatment (Table 2) . Similar, results were there in case of maize grain and stover yield (Table 2) . Thus, K is the limiting factor under long term cultivation. Sawarkar et al (2013) and Singh et al (2014) also reported similar increase in yield due to balanced application of NPK over 100 per cent N and 100 per cent NP treatments.
The total K uptake by wheat (Table 2 ) was found to be highest under FYM treatment. It may be due to significantly higher yields in this treatment. The results were in conformity with those of Mishra et al (2008) . The highest total K uptake by maize was recorded in 100 per cent NPK treatment. 100 per cent N recorded lowest uptake in both wheat and maize crops. It might be due to relatively low yield due to imbalanced fertilization in this treatment. Sharma et al (2005) reported that in the absence of K addition the mining of the native reserves affected the productivity in plots with no K addition. The application of P significantly increased K uptake by both the crops. This was evident from the differences in uptake in 100 per cent NP and 100 per cent N treatments. Potassium application significantly increased the total uptake by both the crops in comparison to 100 per cent NP. Singh et al (2014) also reported significant effect of K fertilizer on potassium uptake by crop.
Relationship of K forms with crop yields and total K uptake Maize grain and stover yields and total K uptake were positively correlated with all the K forms (Table 3) . Water soluble-K showed highest correlation value with grain and stover yield followed by non exchangeable-K and exchangeable-K, however, significant positive correlation was found only with water soluble-K fraction. Rest two fractions also showed positive correlation but not significant. Dhanorkar et al (1994) also reported the significant correlation of water soluble and exchangeable K with grain yield. Highest value of correlation among K forms and total K uptake was with water soluble-K followed by non exchangeable-K and exchangeable-K. Significant positive correlation of K uptake was found only with water soluble-K fraction while rest two fractions showed only positive non significant correlation. Similar results were reported by Sepehya (2011) .
CONCLUSION
The present study indicated that continuous application of K (100 % NPK) over a period of 16 years resulted in build up of water soluble-K and exchangeable-K fractions in soil. Addition of organics (FYM) also influenced the forms of potassium and its addition resulted in build up of water soluble-K and exchangeable-K fractions in soil. Non exchangeable-K fraction decreased in all the treatments over its initial status. Use of N alone led to decline of all the fractions of potassium. Application of balanced dose of fertilizer and FYM with chemical fertilizers resulted in better crop yields. Potassium fractions exhibited positive and significant correlation with yield and uptake. Thus, findings of the present investigation indicates that the application of balanced fertilizers and organics help in improving K reserves of the soil and crop yields over imbalanced application of chemical fertilizers. 
